This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



U *>9e Blank (iispi 



V: 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 823 700 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

11.02.1998 Bulletin 1998/07 

\ 

(21) Application number: 9730S750.8 

(22) Date of filing: 30.07.1997 



(51) mt ci. 6 : G10L 3/00, G10L 3/02, 
G10L5/02, G10L 7/02 



(84) Designated Contracting States: 


(72) Inventor: Beech, Brian Herbert 


AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


Eastleigh, Hampshire S0S0(GB) 


NL PT SE 






(74) Representative: Anderson, Angela Mary 


(30) Priority: 06.08.1996 GB 9616537 


Digi-Media Vision Ltd 




Stoneham Rectory 


(71) Applicant: NDS LIMITED 


Stoneham Lane 


West Drayton, Middlesex UB7 ODQ (GB) 


Eastleigh, Hampshire SO50 9NW (GB) 



(54) Digital syntesizer 



(57) The invention concerns a method and appara- 
tus to synthesize a frequency employing digital phase 
words to represent successive phase values. 

A digital dither signal generator is used to generate 
a succession of dither words which are summed with 
the phase words to form address words. The address 
words are used to address a store to convert the ad- 
dress words to waveform values. The periodic quanti- 
sation noise introduced by the digital process is made 



more random by means of the dither words thereby re- 
ducing the quantisation noise components while accept- 
ing an increased total noise power. 

The synthesizer is of particular advantage when 
used to generate the reference frequency for a frequen- 
cy multiplier implemented as a phase lock loop. By mak- 
ing the dither sequence repetition frequency outside the 
phase lock loop bandwidth, the spurbus components 
are removed from the frequency range of interest. 
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Description 

The present invention relates to the field of digital 
synthesizers which may be employed alone to generate 
an output waveform or may be employed to generate a 
reference frequency for a frequency multiplier imple- 
mented as a phase lock loop. 

It is already known to implement a direct digital syn- 
thesizer including a frequency latch, a phase accumu- 
lator, and a ROM based waveform generator The ROM 
based waveform generator is used to drive a digital to 
analogue converter to produce the desired analogue 
output waveform. The phase accumulator is used to 
generate a sequence of digital binary values which are 
used to address the ROM to select stored digital values 
representing the waveform to be generated. The size of 
the ROM can be reduced by subjecting the digital values 
from the phase accumulator to a quantisation process 
to truncate the size of the digital words which address 
the ROM. 

Such a quantisation process results in the introduc- 
tion of periodic quantisation noise and it has already 
been proposed to add a dither signal to the output from 
the phase accumulator so that the digital values from 
the phase accumulator arc added to random digital val- 
ues from the dither generator. The result is to make the 
quantisation noise more random and thereby reduce the 
spurious quantisation components whilst accepting an 
increased total noise power. 

The present invention provides an improved direct 
digital synthesiser which offers the efficient suppression 
of spurious components and is advantageously em- 
ployed in low cost consumer products where high per- 
formance is required and yet there is a need to reduce 
the occupied silicon area. This leads to a demand for a 
reduction in the number of bits to be addressed in the 
ROM and output to the digital to analogue converter. 
The invention is of particular benefit when employed in 
a system in which the direct digital synthesizer is used 
to generate the reference frequency for a frequency 
multiplier implemented as a phase lock loop. 

According to the present invention there is provided 
a method of synthesizing a frequency signal comprising 
the steps of generating a succession of digital phase 
words representing successive phase values of the sig- 
nal, generating a succession of digital dither words, 
summing the phase words with the dither words to form 
address words, and using the address words to address 
stored values which convert the address words to wave- 
form values, the dither words being generated at a rate 
less than the rate at which the digital phase words are 
generated. 

Further according to the present invention, there is 
provided a digital synthesizer comprising: digital phase 
generating means to generate a succession of digital 
phase words representing successive phase values of 
the synthesizer, a dither signal generator to generate a 
succession of digital dither words, summing means to 



sum the phase words and the dither words to form digital 
address words, and a store which is addressable by the 
address words to convert the address words to wave- 
form values, the dither signal generator being adapted 

5 to generate the dither words at a rate which is less than 
the rate at which the digital phase generating means 
generates the phase words. 

Preferably, the digital phase generating means in- 
cludes a sawtooth to triangle converter to convert phase 

io values representing a sawtooth waveform to phase val- 
ues representing a triangle waveform. 

The dither words are preferably taken from a regis- 
ter of Y bits in the dither signal generator, the dither sig- 
nal generator having a repetition length equal to 2 Y - 1 

is bits. 

The invention will now be described by way of ex- 
ample with reference to the accompanying drawings in 
which: 

20 Figure 1 shows, in block schematic form, a prior art 
direct digital synthesizer; 

Figure 2 shows a direct digital synthesizer embod- 
ying the present invention; and 
Figures 3 to 7 are explanatory waveform diagrams. 

25 

Referring to Figure 1, there is shown a prior art di- 
rect digital synthesizer including a frequency latch 10, 
which stores a binary frequency word indicating the de- 
sired operating frequency of the synthesizer. The fre- 
30 quency latch is clocked to supply the binary frequency 
word as one input to an adder 11 . The adder 1 1 has an- 
other input from an adder 1 2 and supplies a sum output 
to a phase latch 13. The phase latch 13 accumulates 
the summed output values from the adder 11 to gener- 
is ate a succession of incremental phase values and the 
latch 13 is clocked to supply the phase values as one 
input to the adder 12. 

The adder 12 has an output connected to supply 
phase values to a truncator 14 which truncates the bi- 
40 nary phase values from the adder 14 by omitting a 
number of the least significant bits. A ROM 15 is ad- 
dressed by the truncator 14 to generate a sine and a 
cosine output representing the waveform to be gener- 
ated by the synthesizer. The ROM is connected to sup- 
45 ply a digital to analogue converter from which an output 
sine waveform is derived. 

It is known that the quantisation of phase values to 
address the ROM 15 results in the introduction of quan- 
tisation noise into the analogue output waveform. To 
50 make the quantisation noise more random and thereby 
reduce the spurious quantisation components, a digital 
dither generator 1 6 is provided which generates a series 
of pseudo-random binary values which are supplied as 
a second input to the adder 12. 
55 Referring now to Figure 2, a direct digital synthesiz- 

er according to the present invention includes a phase 
accumulator 20 which receives a binary frequency word 
representing the operating frequency of the synthesizer. 
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The phase accumulator is clocked at a clock rate 
DDSCLK to generate a succession of binary phase 
words each of L bits and which together are represent- 
ative of a sawtooth waveform. The phase words from 
the phase accumulator are supplied to a sawtooth-to- 
triangle generator 21 which converts the binary values 
from the phase accumulator to converted values pre- 
senting an equivalent triangle waveform. Each of the 
digital phase words from the generator 21 is of L-1 bits 
in length. The digital phase words from the generator 21 
are truncated by a truncator 22 and supplied as one in- 
put to an adder 23. 

A clock signal at the clock rate DDSCLK is supplied 
to a divider 24 which divides the clock frequency by a 
value X. The divider is used to drive a digital dither gen- 
erator 25 which generates a series of pseudo-random 
digital values which are scaled in a scaler 26 and then 
supplied as a second input to the adder 23 to be added 
arithmetically to the output from the truncator 22. The 
dither values are generated as W bits from a dither gen- 
erator register of Y bits in length where the repetition 
length of the dither generator is 2 Y -1 bits. The parame- 
ters X and Y have a large influence on the final output 
spectrum of the synthesizer. 

The output from the adder 23 is supplied to a trun- 
cator 27 and are truncated to a word length N which is 
the word length of a sine lookup table 28 to which the 
truncated words of length N are addressed. A digital to 
analogue converter 29 receives the digital values ad- 
dressed to the table 23 to supply the desired output 
waveform which is of the frequency selected by the fre- 
quency word at the input to the phase accumulator 20. 

The synthesizer of Figure 2 is of particular advan- 
tage when the output from the digital to analogue con- 
verter 29 is used to generate the reference frequency 
for a frequency multiplier implemented as a phase lock 
loop (PLL). If the frequency multiplication factor is K, 
then the levels of the spurious components are in- 
creased by 20 *\og A 0 K dB and so the performance of the 
synthesizer becomes critical. If the phase lock loop has 
a bandwidth B, the value of DDSCLK / ( X * (2 Y - 1 ) ) is 
designed to be substantially larger than B. 

The application of the dither signal has the effect of 
suppressing spurious components but increasing the 
noise floor of the synthesizer. By making the dither se- 
quence of repetition frequency substantially outside the 
PLL bandwidth, the spurious components are removed 
from the frequency range of interest and the energy of 
the spurious components is forced outside the loop 
bandwidth and the noise floor between the spectral lines 
of the dither sequence is very low. The size of the sine 
lookup table 28 is minimised in this arrangement be- 
cause the truncation of the phase words is all done be- 
fore the lookup table 28. 

The result of using the prior art arrangement in Fig- 
ure 1 is shown in the explanatory waveform diagram of 
Figure 3 where the frequency axis 0.0 represents the 
sampling frequency and the result is shown for a range 



from 0.5 to 0.0. The corresponding result for the inven- 
tive arrangement of Figure 2 is shown in the explanatory 
waveform diagram of Figure 4 with a value of X=4. The 
multiplicity of spectral lines is the result of using the dith- 

s er generator and it can be seen that there is a minimum 
in Figure 4 which is absent from the result shown in Fig- 
ure 3. The minimum occurs at - 0.25 which is equivalent 
to 0.75* sampling frequency. 

A minimum can be introduced in the spectral lines 

io at different frequencies depending on the choice of the 
value of X and advantage is taken of the minimum to 
force the energy of the spurious components outside the 
loop bandwidth of the phase lock loop already referred 
to In general a value of X can be found to optimise the 

? 5 performance for any given application. 

An alternative embodiment of the invention is 
shown in Figure 2 and is represented by the dashed 
lines. According to the alternative embodiment, the out- 
put from the truncator 27 is fed directly to a digital to 

20 analogue converter 30 and the analogue output from 
this if fed to a sine converter 31 implemented in ana- 
logue form. 

Figure 5 shows a result where there is no sine con- 
version and the spurious components are clearly seen. 

25 Figure 6 shows the situation where the first embod- 
iment of the invention is used with a digital sine lookup 
table and it can be seen that the spurious components 
are much reduced. 

Figure 7 shows the result for the second embodi- 

30 ment of the invention employing an analogue sine con- 
verter and the spurious components are substantially 
lower than for the digital sine converter. 

35 Claims 

1. A method of synthesizing a frequency signal com- 
prising the steps of generating a succession of dig- 
ital phase words representing successive phase 

40 values of the signal, generating a succession of dig- 
ital dither words, summing the phase words with the 
dither words to form address words, and using the 
address words to address stored values which con- 
vert the address words to waveform values, the 
dither words being generated at a rate less than the 
rate at which the digital phase words are generated. 

2. A method as claimed in claim 1 , wherein the digital 
phase words represent a sawtooth waveform and 

50 the method includes the further step of converting 

the phase values to represent a triangle waveform. 

3. A method as claimed in claim 1 or 2, wherein dither 
words are taken from a register of Y bits and the 

55 dither words have a repetition length of 2 Y - 1 bits. 

4. A method as claimed in any one of the preceding 
claims, wherein the generated frequency signal is 
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used to generate the reference frequency for a fre- 
quency multiplier implemented as a phase lock 
loop. 

A digital frequency synthesizer comprising digital s 
phase generating means to generate a succession 
of digital phase words representing successive 
phase values of the synthesizer, a dither signal gen- 
erator to generate a succession of digital dither 
words, summing means to sum the phase words io 
and the dither words to form digital address words, 
and a store which is addressable by the address 
words to form waveform values, the dither signal 
generator being adapted to generate the dither 
words at a rate which is less than the rate at which is 
the digital phase generating means generates the 
phase words. 

A digital frequency synthesizer according to claim 
5, wherein the digital phase generating means in- 20 
eludes a sawtooth to triangle converter to convert 
phase values representing a sawtooth waveform to 
phase values representing a triangle waveform. 

A digital frequency synthesizer according to claim 2s 
5 or 6, wherein the dither signal generator has a reg- 
ister of Y bits for the dither words and the dither sig- 
nal generator has a repetition rate of 2 Y - 1 bits. 

A digital frequency synthesizer according to claim 30 
5, 6 or 7, having an output to supply the reference 
frequency of a frequency multiplier implemented as 
a phase lock loop. 
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a succession of dither words which are summed with 
the phase words to form address words. The address 
words are used to address a store to convert the ad- 
dress words to waveform values. The periodic quanti- 
sation noise introduced by the digital process is made 



more random by means of the dither words thereby re- 
ducing the quantisation noise components while accept- 
ing an increased total noise power. 

The synthesizer is of particular advantage when 
used to generate the reference frequency for a frequen- 
cy multiplier implemented as a phase lock loop. By mak- 
ing the dither sequence repetition frequency outside the 
phase lock loop bandwidth, the spurious components 
are removed from the frequency range of interest. 
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